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(57) ABSTRACT

An imaging device performs optimum focus correction at low
cost with an autofocus device that moves a lens for focusing
an image. The imaging device includes a camera signal pro-
cessing part having a contrast signal generation part that
extracts a high frequency component from a video signal and
generates a contrast signal of the video signal based on the
extracted high frequency component. The imaging device
also has a controller that performs focus control based on the
contrast signal. The controller performs an ON/OFF control
of an infrared rays cut filter and includes a recording part to
hold a set value of an ON/OFF state of the infrared rays cut
filter. The camera signal processing part includes a signal
conversion processing part to change a ratio of RGB of the
video signal to be sent to the contrast signal generation part
based on the set value.

6 Claims, 3 Drawing Sheets
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1
IMAGING DEVICE WITH THE AUTOFOCUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an autofocus control in an
imaging device such as a camera.

2. Description of Related Art

A contrast system and a color distortion system are known
as a method of autofocus incorporated in a digital video
camera or the like. In the contrast system, contrasts of a
photographed image are detected, the contrasts at respective
positions are compared, and a position where the focus of a
lens coincides with a subject is determined. In order to use this
method, it is necessary to detect the lens position where the
contrast becomes maximum.

In the color distortion system, the focal position of a lens
varies according to R (Red), G (Green) and B (Blue) compo-
nents of light, and this is used to detect a focusing position
based on comparison results of magnitudes of high frequency
components of the respective colors (JP-A-2009-103800).

Inavideo camera, since a red LED (wavelength 700 nm) or
the like is generally used as an auxiliary light source, an
out-of-focus occurs due to the color distortion of a lens. A
camera microcomputer performs focus correction at the time
ofred LED light emission, so that a sharp focus is obtained at
the time of strobe main light emission. In the system using the
strobe incorporating the AF assist light for still image pho-
tography in a dark place as stated above, there is also a method
in which the AF assist light (red LED, wavelength 700 nm) is
made to emit light in focusing by autofocus, and focus cor-
rection is performed (JP-A-11-174521).

A lens has a feature that near infrared light is captured in
addition to visible light. However, a filter to cut the near
infrared light which is not seen by human eyes is used, so that
only the visible light can form an image. A green component
is the center wavelength of the visible light, and an image to
be photographed often has an average RGB contrast. Thus,
focus adjustment is often performed based on the green com-
ponent. In the method of performing the focus adjustment
based on the green component, an original video signal is not
directly used as a video signal which is used when a contrast
signal is generated. A video signal is used which is changed
by changing gains for red, green and blue for the respective
RGB components of the original video signal. The gain for
green used in this conversion is made larger than the gain for
red and the gain for blue, and the ratio of the green component
is made large. In general, the conversion equation is
expressed by the following equations.

luminance of red component of video signal after
conversion=gain for redxluminance of red com-
ponent of original video signal (€8]

luminance of green component of video signal after
conversion=gain for greenxluminance of green
component of original video signal 2)

luminance of blue component of video signal after
conversion=gain for bluexluminance of blue
component of original video signal 3)

luminance=0.3 R (brightness of red luminance)+0.59
G (brightness, of green luminance)+0.11 B
(brightness of blue luminance)

Q)

Here, in general, the ratio is made gain for red:gain for
green:gain for blue=0.3:0.59:0,11, and 0.3 is used as the gain
for red, 0.59 is used as the gain for green, and 0.11 is used as
the gain for blue (or 0.9, 1.77 and 0.33 obtained by multiply-

10

15

20

25

30

35

40

45

50

55

60

2

ing the respective values by 3 are used). A contrast signal is
generated by using the video signal after conversion, and the
lens position where the contrast signal becomes maximum is
detected and focusing is performed.

When this method is used, since a complicated calculation
is not required to be performed, calculation time becomes
short. Thus, this method is used for many lenses. Besides, the
reason why focusing is performed based on green is that,
since the human sensitivity becomes maximum at approxi-
mately the green component, there is also an intension to
perform focusing based on the component close to the maxi-
mum human sensitivity.

An infrared rays cut filter 27 is a filter that allows visible
light to pass through and cuts near infrared light. The infrared
rays cut filter 27 is turned OFF and the near infrared light is
captured, so that a red component becomes large in an image
captured by a camera. However, when focus correction is
performed by such a method, the red component becomes
large when the infrared rays cut filter is OFF (when the
infrared rays cut filter is removed). Thus, when focus correc-
tion is performed based on the green component, out-of-focus
occurs, and the image can become blurred. The remarkable
example appears when the infrared rays cut filter is removed.

FIG. 2 is an image view of a focus position. Since the focal
position of the green component is the center of RGB, in a
normal image, it is appropriate if focusing is adjusted at the
position of a focal distance (G) 41 based on green light.
However, when an image containing a large red component is
captured as in the case where the infrared rays cut filter is
removed, it is appropriate if focusing is adjusted at a focal
distance (R) 40. However, in the related art method, since
focusing is adjusted at the focal distance (G) 41, out-of-focus
occurs, and the image becomes blurred.

Besides, there are problems also in the cost and system, and
there is also a case where it is difficult to, incorporate an assist
light and the like into the autofocus.

SUMMARY OF THE INVENTION

The invention proposes a system for performing optimum
focus correction in an autofocus of an image in which a lot of
near infrared light is captured when an infrared rays cut filter
is OFF.

In order to implement the proposal, for example, structures
recited in the appended claims are adopted. The present
invention includes plural means for implementing the pro-
posal, and one example is as recited in claim 1.

In the autofocus of an image in which a lot of near infrared
light is captured when the infrared rays cut filter is OFF, the
focusing can be simply adjusted by only software change and
without a significant change such as additional of a device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ablock diagram showing the whole structure of an
imaging device of an embodiment.

FIG. 2 is an image view of focus positions in the embodi-
ment.

FIG. 3 is a characteristic curve view showing a relation
between a position of a focus lens group and a signal level of
a first and a second contrast signal.

FIG. 4 is a flowchart showing a processing procedure of a
focus control process of the embodiment.

FIG. 5 is a flowchart showing a processing procedure of a
focus control process of embodiment 2.

FIG. 6is a view showing contrast signals before conversion
and after conversion.
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DETAILED DESCRIPTION

Hereinafter, embodiments will be described with reference
to the drawings.

Embodiment 1

(1) Structure of Imaging Device of the Embodiment

FIG. 1 shows an example of a structural view of an embodi-
ment. An imaging device 1 includes a lens unit 2 that includes
a variator lens group 3 to adjust light from a subject, a dia-
phragm 4 to adjust received light quantity, a focus lens group
5 having a focus adjustment function, and an infrared rays cut
filter 27. An optical image of the subject is formed on a light
receiving side of an imaging element 8 including a CCD and
the like. Besides, the lens unit 2 includes a lens origin detector
6 including a photo interrupter and the like, and a temperature
detector 7. The lens origin detector 6 detects the origin posi-
tion of the variator lens group 3, and transmits the detection
result as lens origin position detection information to a high-
pass filter processing part 16. The temperature detector 7
detects the temperature in the lens unit 2, and transmits the
detection result as lens unit inside temperature information to
a control part 30.

The imaging element 8 photoelectrically converts the opti-
cal image of the subject formed on the light receiving side,
and sends an obtained imaging signal to a noise removal part
9. The imaging signal is subjected to a noise removal process
by the noise removal part 9, and is amplified to an optimum
level by an auto gain controller (AGC) 10. Further, the signal
is digital-converted by an analog/digital conversion part 11,
and then is given as a digital imaging signal to a camera signal
processing part 12.

The camera signal processing part 12 performs a signal
processing of the supplied digital imaging signal in a first
signal conversion processing part 13, so that the digital imag-
ing signal is converted into a video signal with a standard
signal format based on the NTSC (National Television Stan-
dard Committee) standard or the PAL (Phase Alternating
Line) standard, and is outputted to the outside. Besides, an AE
signal generation part 14 of the camera signal processing part
12 generates an auto iris signal AE with a signal level accord-
ing to the brightness of a present photographed image based
on the video signal, the open degree of the diaphragm 4 of the
lensunit 2, the gain of auto gain control and the like, and sends
the signal to the control part 30.

The camera signal processing part 12 extracts a high fre-
quency component of the luminance signal of the video signal
generated by the first signal conversion processing part 13
through the high-pass filter processing part 16 of a contrast
signal generation part 15, and performs an integration process
by an integrator 17. As a result, a contrast signal VF as shown
in FIG. 3 is generated. The camera signal processing part 12
sends the contrast signal VF obtained in this way to the
control part 30.

The control part 30 includes information processing
resources such as a CPU (Central Processing Unit) and an
inner memory. The control part 30 calculates an auto iris
evaluation value as an evaluation value to the brightness of the
present photographed image recognized by the auto iris sig-
nal AE, the open degree of the diaphragm 4 of the lens unit 2,
the gain of the auto gain control and the like based on an auto
iris data processing program (AEP) and an auto focus data
processing program (AFP) stored in the inner memory, and
acquires an auto focus evaluation value as a value of the
contrast signal VF.

When, for example, a not-shown zoom button of the imag-
ing device 1 is operated, the control part 30 generates a first
motor control signal in response to the operation, and sends
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the signal to a first motor driver part 19. The first motor driver
part 19 drives a first motor 23 based on the first motor control
signal, and moves the variator lens group 3 in its optical axis
direction. By this, the zoom magnification is changed to a
magnification corresponding to the operation of the zoom
button.

At this time, the control part 30 generates zoom magnifi-
cation information expressing the present zoom magnifica-
tion based on the lens origin position detection information
given from the lens origin detector 6 of the lens unit 2 and the
angle information expressing the rotation angle of an output
shaft of the first motor 23 and given from a rotary encoder not
shown in the drawing and provided on the first motor 23.
Then, the control part generates a third motor control signal
based on the zoom magnification information, the autofocus
evaluation value, and the lens unit inside temperature infor-
mation given from the temperature detector 7 of the lens unit
2, and send the signal to a third motor driver part 21. In this
way, the third motor driver part 21 drives a third motor 25
based on the third motor control signal, and moves the focus
lens group 5 in its optical axis direction. By this, the focus is
adjusted according to the variation of the zoom magnification
(autofocus control).

Further, the control part 30 generates a second motor con-
trol signal based on the auto iris evaluation value, and sends
the signal to a second motor driver part 20. In this way, the
second motor driver part 20 drives a second motor 24 based
on the second motor control signal, and opens or closes the
diaphragm 4 as needed. By this, the iris is adjusted based on
the brightness of the photographed image (auto iris control).

Further, the control part 30 performs light quantity adjust-
ment of an optical image of a subject formed on the light
receiving side of the imaging element 8 by controlling the
shutter speed of an electronic shutter 28 so as to increase or
decrease the exposure time to the imaging element 8, and
performs gain adjustment in the auto gain controller 10 based
on the auto iris evaluation value.

Further, when, for example, a not-shown ON/OFF button
of the infrared rays cut filter of the imaging device 1 is
operated, the control part 30 generates a fourth motor control
signal in response to this operation, and sends the signal to a
fourth motor driver part 22. The fourth motor driver part 22
drives a fourth motor 26 based on the fourth motor control
signal, and raises or lowers the infrared rays cut filter 27. By
this, the state of the presence or absence of the infrared rays
cut filter 27 is changed according to the operation of the
ON/OFF button of the infrared rays cut filter.

(2) Autofocus Control System of the Embodiment

Light captured by the lens group 3 contains a lot of near
infrared light in addition to visible light. Thus, when photo-
graphing is performed in the day time or indoor environment,
if the near infrared light is captured, the image becomes
reddish. Thus, the infrared rays cut filter 27 to cut the near
infrared light is provided.

The control part 30 performs the control of ON/OFF of'the
infrared rays cut filter 27. The control part 30 includes a
recording part 29 to hold the set value of the ON/OFF state of
the infrared rays cut filter 27, and the control part 30 sends the
state of the infrared rays cut filter 27 to a second signal
conversion processing part 18. The second signal conversion
processing part 18 can change the ratio of luminance magni-
tudes of RGB. The second signal conversion processing part
18 changes the ratio of RGB of the video signal to be sent to
the contrast signal generation part 15 based on the set value of
the ON/OFF state of the infrared rays cut filter 27.



US 9,113,095 B2

5

Specifically, the second signal conversion processing part
18 converts the video signal based on the following expres-
sions.

luminance of red component of video signal after
conversion=gain for redxluminance of red com-
ponent of original video signal

M

luminance of green component of video signal after
conversion=gain for greenxluminance of green
component of original video signal

@

luminance of blue component of video signal after
conversion=gain for bluexluminance of blue
component of original video signal

®

When the infrared rays cut filter 27 is ON, the gain for
green is made larger than the gain for red and the gain for blue.
For example, when the ratio is made gain for red:gain for
green:gain for blue=0.3:0.59:0.11, 0.3 is used as the gain for
red, 0.59 is used as the gain for green, and 0.11 is used as the
gain for blue (or 0.9, 1.77 and 0.33 obtained by multiplying
the respective values by 3 are used). Incidentally, the numeri-
cal values are merely exemplary, and can be appropriately
changed. The ratio of the gain for green in the ratio of gain for
red:gain for green:gain for blue is desirably 0.5 or more.

When the infrared rays cut filter 27 is OFF, the gain for red
is made larger than the gain for green and the gain for blue.
For example, the ratio is made gain for red: gain for green:gain
for blue=0.59:0.3:0.11. For example, 0.59 is used as the gain
forred, 0.3 is used as the gain for green, and 0.11 is used as the
gain for blue (or 1.77, 0.9 and 0.33 obtained by multiplying
the respective values by 3 are used). Incidentally, the numeri-
cal values are merely exemplary, and can be appropriately
changed. The ratio of the gain for red in the gain for red:the
gain for green:the gain for blue is desirably 0.5 or more.
However, if the gain for blue is made less than the gain forred,
matching to the human eye sensitivity can be provided. On the
contrary, if the gain for blue is made larger than the gain for
red, an unnatural white and black image is formed. However,
with respect to the focusing, there is no problem in any case.
Besides, when the infrared rays cut filter is OFF, since some-
thing that a person desires to see is an image containing a large
infrared portion, there is no problem even if the gain for
green<the gain for blue is established or the gain for blue<the
gain for green is established.

The contrast signal generation part 15 generates the con-
trast signal VF based on the sent video signal after conversion.

FIG. 6 shows the contrast signal VF before conversion and
after conversion. When the ratio of the red component and the
ratio of the green component are made larger than that of the
other component, the lens position where the contrast signal
VF after conversion becomes maximum is different from the
lens position where the contrast signal VF before conversion
becomes maximum.

FIG. 4 is a flowchart showing a processing procedure of a
focus control process of the embodiment. When power supply
is turned on, in the autofocus control process, the set value of
ON/OFF of the infrared rays cut filter 27 recorded in the
recording part 29 is sent from the control part 30 to the second
signal conversion processing part 18 of the camera signal
processing part 12. At step SP1, the procedure branches
according to the set value of ON/OFF of the infrared rays cut
filter. If the infrared rays cut filter 27 is ON, the ratio of the
green component is made large (the gain for green is made
larger than the gain for red and the gain for blue when con-
version is performed by the second signal conversion pro-
cessing part 18), and autofocus is performed (SP2). If the
infrared rays cut filter 27 becomes OFF during starting of the
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imaging device, the ratio of the red component is made large
(the gain for red is made larger than the gain for green and the
gain for blue when conversion is performed by the second
signal conversion processing part 18), and autofocus is per-
formed (SP3).

As described above, when the infrared rays cut filter 27 is
OFF, the focusing can be adjusted based on the color close to
the input color component. Accordingly, an appropriate
focusing position can be obtained, and an image becomes
hard to be blurred.

Embodiment 2

In this embodiment, a description will be made on an
example of autofocus when a white balance mode is adopted
in which a color is corrected to a color close to a color which
a person sees.

Even if the kind of light (sun light, incandescent lamp,
fluorescent lamp) is changed, a human eye recognizes that
white is white, and red is red. However, in a camera, the color
of'a photographed subject is changed according to the kind of
light. In such a case, a function to perform correction to a
color close to a color which a person sees is called white
balance, and is installed as a camera function.

The white balance mode includes incandescent lamp, mer-
cury lamp, sodium lamp and sun light. In the mode, when the
incandescent lamp or the sodium lamp is selected, a lot of red
component light is captured by the lens group 3. Thus, even
when the infrared rays cut filter 27 is ON, autofocus is pref-
erably performed based on the red component.

The control part 30 controls the white balance mode, and
the recording part 29 holds the state of the white balance
mode as a set value in addition of the set value in embodiment
1. When the incandescent lamp or the sodium lamp is selected
as the state of the white balance mode, the control part sends
the set value indicating the state to the second signal conver-
sion processing part 18. In that case, in the second signal
conversion processing part 18, the gain for red is made larger
than the gain for green and the gain for blue irrespective of the
state of ON/OFF of the infrared rays cut filter 27. For
example, the ratio is made gain for red: gain for green:gain for
blue=0.59:0.3:0.11. For example, 0.59 is used as the gain for
red, 0.3 is used as the gain for green, and 0.11 is used as the
gain for blue (or 1.77, 0.9 and 0.33 obtained by multiplying
the respective values by 3 are used). Incidentally, the numeri-
cal values are merely exemplary, and can be appropriately
changed. The ratio of the gain for red in the ratio of gain for
red:gain for green:gain for blue is desirably 0.5 or higher.

The contrast signal generation part 15 generates the con-
trast signal VF based on the sent video signal after conversion.

FIG. 5 is a flowchart showing a processing procedure of a
focus control process of embodiment 2. The control part 30
determines whether the infrared rays cut filter is ON or OFF
(SP4). If the filter is ON, the green component is made large
(the gain for green is made larger than the gain for red and the
gain for blue when conversion is performed by the second
signal conversion processing part 18), and autofocus is per-
formed (SP5). If the filter is OFF, the red component is made
large (the gain for red is made larger than the gain for green
and the gain for blue when conversion is performed by the
second signal conversion processing part 18), and autofocus
is performed (SP6). However, even if the infrared rays cut
filter is ON, when, for example, the incandescent lamp or the
sodium lamp is selected in the white balance mode (SP7), the
red component is made large (the gain for red is made larger
than the gain for green and the gain for blue when conversion
is performed by the second signal conversion processing part
18), and autofocus is performed (SP6).
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As stated above, in the incandescent lamp or the sodium
lamp environment in which a lot of red component is cap-
tured, the red component is made large and autofocus is
performed, so that an appropriate point of focus is obtained,
and an image becomes hard to be blurred.

What is claimed is:

1. An imaging device provided with an autofocus device to
move a lens to focus, comprising:

a camera signal processing part including a contrast signal
generation part that extracts a high frequency compo-
nent from a video signal and generates a contrast signal
of'the video signal based on the extracted high frequency
component; and

a control part to perform a focus control based on the
contrast signal, wherein

the control part performs an ON/OFF control of an infra-
red rays cut filter and includes a recording part to hold
a set value of an ON/OFF state of the infrared rays cut
filter, and

the camera signal processing part includes a signal conver-
sion processing part to change a ratio of RGB of the
video signal to be sent to the contrast signal generation
part based on the set value.
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2. The imaging device according to claim 1, wherein

with respect to the ratio of RGB, when the infrared rays cut

filter is OFF, the ratio of a red component is made larger
than the ratio of a green component and the ratio of a
blue component.

3. The imaging device according to claim 2, wherein

when the infrared rays cut filter is ON, the ratio of the green

component is made larger than the ratio of the red com-
ponent and the ratio of the blue component.

4. The imaging device according to claim 2, wherein

when the infrared rays cut filter is ON, the ratio of RGB is

B<R<G, and when the infrared rays cut filter is OFF, the
ratio of RGB is G<B<R.
5. The imaging device according to claim 1, wherein the
signal conversion processing part changes the ratio of RGB of
the video signal to be sent to the contrast signal generation
part by multiplying luminances of a red component, a green
component and a blue component of the video signal before
conversion by a gain for red, a gain for green and a gain for
blue, respectively.
6. The imaging device according to claim 1, wherein
the control part controls a white balance mode, and the
recording part holds a state of the white balance mode as
a set value, and

when the white balance mode is selected, a gain for red is
larger than a gain for green and a gain for blue irrespec-
tive of the ON/OFF state of the infrared rays cut filter.

#* #* #* #* #*



